tories for the control of manufacturing processes, the analysis of raw materials, the testing of finished products and the development of improved processes and products. The new laboratory was not intended to supersede the works laboratories, nor primarily to give service to the factories. I t was to study the scientific founda tions of the photographic process, to develop if possible entirely new photographic materials, and to discover new applications of photography.
I t was decided to erect a new building for the laboratory, and the site assigned was in the centre of the Kodak Park Works, one of the original buildings of the plant being demolished and its site used for the new laboratory. The building was a steel structure having three stories and a basement with a total floor area of approximately 25,000 sq.ft. The basement was devoted to the necessary engineering equipment and to rooms for the preparation of photographic emulsions. The emulsions were made by standard methods and used for the manufacture of colour-sensitive dry plates-the plates th a t had been made in England by the firm of W ratten and W ainwright, Ltd. These panchromatic plates were thus made for the first time in the United States. This association of manufacturing with the new laboratory seems now a little curious, but a t the time it had the definite advantage th a t the laboratory was able to make its own materials to a considerable extent, and many advances in the preparation of new types of photographic materials came from close association with the manufacturing departm ent.
The laboratory was completed a t the beginning of 1913, and the original staff consisted of tw enty people, among whom were P. G. N utting, a physicist who had established himself as an authority in physical optics a t the Bureau of Standards, and his assistant, L. A. Jones, who on N utting's departure in 1917 became chief physicist of the laboratory, a position th a t he still occupies. The head of the departm ent of physical chemistry was S. E. Sheppard, who has continued in th a t position ever since. Others who have been with the laboratory from the beginning are J . G. Capstaff, who has been responsible for m any of the im portant photographic developments in the laboratory's history, and J . I. Crabtree, who has been in charge of the work on photographic chemistry.
The growth of the laboratory has been continuous, and in spite of the use of the adjoining buildings it was necessary in 1930 to build an entirely new laboratory, to which the existing work was transferred in 1931. The old laboratory building was converted into a laboratory for research work on photographic emulsions, and since the transfer of plate and filter manufacturing to factory departments, the whole of this departm ent has been occupied with research related to the production of photographic materials.
In 1937 a new wing was added to the main laboratory. This building is therefore now an L-shaped building having a front of 180 ft. and a wing 200 ft. from front to back, both sections being 60 ft. deep. Six stories and a basement fully occupied with workrooms provide a total floor space of 152,000 sq.ft. The space is inadequate for our present requirements, and it is planned to build a second wing giving an increased floor area of approximately 60 %.
The growth of the laboratory is shown in the following ta b le : y e a r t o t a l floor a r e a in sq . ft.
size o f s ta ff a n n u a l c o st ($)   1915  24,500  40  126,745  1920  29,500  88  338,680  1925  39,600  92  397,449  1930  48,700  159  618,503  1935  140,100  210  952,397  1940  205,600  392  1,923,223  1945  207,100  413  2,457,463 From the beginning, the research laboratory has been independent of the d epart mental organization of the company, and the director has been responsible only to the president and general manager. This was Mr E astm an's proposal originally, and there has been no reason to change it. I became responsible for the conduct of the whole scientific work of the laboratory, including the preparation of the budget and the distribution of the sum allotted to different fields of work, and I was made a director of the company in 1923 and a vice-president in 1934. No approval is asked for specific projects, nor is any report made as to the distribution of the work. The justification for the expenditure has always depended upon the results obtained, though it was understood at the beginning th a t the laboratory would not be expected to show any justification of its value for a number of years and th a t it would probably be about 10 years before the results from the laboratory were of financial importance to the company. This assumption proved to be correct, and after the laboratory had been in operation for about 10 years, the materials th a t it had developed were of considerable importance among the sales of the company and have continued to increase in importance until, a t the present time, almost everything th a t the company makes has in some way been affected by the work of the research laboratory.
The work of the laboratory can be divided into three main sections. About 25 % has been on the fundam ental science of photography, the theory of the photo graphic process; about 50% has been on practical photography; and about 25% in the fields of pure chemistry and physics not directly connected with the theory of photography. Thus the study of the theory of photography starts w ith the physical chemistry of gelatin-its colloid structure, the measurement of its physical properties, its swelling and shrinking, its adsorption to silver halides, and the absorption th a t it has for other substances. N ext, it involves the study of the silver halides-their crystalline form and particularly the distribution of the sizes of the different crystals formed in precipitating an emulsion. The whole subject of the frequency distribution of silver halide grains was studied intensively in the years following 1920, and the subject excited interest both in England and in Sweden a t th a t time. A practical method of determining the frequency distribution of silver halide grains was finally worked out.
In 1925 S. E. Sheppard discovered th a t the sensitizing action of gelatin for silver bromide, which had always been a mystery, depended upon the presence in the gelatin of sulphur compounds, among which were derivatives of m ustard oil, presumably derived from the food of the animals. Following this discovery, he and his collaborators showed th a t the formation of the latent image depended upon the existence of concentration centres, in which the products derived from the action of light on the silver halide crystal could be concentrated. The accepted theory of the formation of the latent image was developed by Gurney & Mott at Bristol, and their work on the latent image was supplemented by a great deal done in the Kodak Research Laboratories on the effect in forming the latent image of the intensity of light and of the tem perature a t which the exposure takes place.
A problem a t least as difficult as th a t of the nature of the latent image has been the method by which the silver bromide crystal is converted into silver when it is treated with a developer after exposure to light. There existed a number of theories on the physical chemistry of development, conflicting in nature and none of them with very satisfactory evidence. In 1940-1, however, it became possible to apply the electron microscope to the developed silver image of a photographic material. The grains of silver are too small for their structure to be seen under the ordinary microscope, and it had been generally assumed th a t they had a coke-like structure. The electron microscope showed th a t their structure is filamentary and thus at once changed the whole picture of the nature of development, since it is now clear th a t the filamentary silver is formed in situ fr w ithout any solution of the silver halide. There are still doubtful points in relation to the nature of the attack of the developer upon the silver halide crystal, but the m atter is rapidly being clarified. The process of development in the formation of a photographic image is, however, very complicated. A complex solution having usually some solvent properties is acting on a fairly thick layer of gelatin containing a number of layers, a t different depths, of silver halide crystals th a t have been given varying exposures.
The measurement of the relation between the developed silver and the exposure given to light and the optical density obtained after development is the branch of photographic study known as s e n s i t o m e t r y. Work in this paper by H urter & Driffield published in 1890, in which they introduced the use of the characteristic curve of a photographic material. In this curve (figure 1) the optical density, D -log10 l/T, is plotted against the logarithm of the exposure. Through a considerable range of exposures ( in figure 1 ) the density is proportional to the logarithm of the exposure. H urter & Driffield termed the exposure corresponding to the intercept of this straight-line portion of the curve on the exposure axis the inertia and used its reciprocal as a measure of the sensitivity of the material. They found th a t under certain controlled conditions this value was independent of the time of development. Thus, for the straightline portion,
where y is the slope, y, which increases with development to a limit dependent on the material, is term ed the development factor. In the early days of photographic research the determ ination of the characteristic curve was a slow and laborious operation. Improvements in the apparatus used for exposure and development and especially the use of autom atic photoelectric densitometers have greatly lightened the burden. In the Kodak laboratories thousands of sensitometric curves are now plotted each day. From the study of the relation between the exposure and development has come an investigation of the reproduction of the tones of the original subject effected in the picture. The solution generally used is shown in the graphic diagram (figure 2) designed by L. A. Jones about 25 years ago. The brightnesses of the original subject are laid out on the abscissa, and the sensitometric curve of the negative m aterial is plotted in the lower right-hand quadrant so th a t the intercepts of the perpendiculars on this curve give the translation of the tones of the original into the negative. A similar projection on to the sensitometric curve of the positive m aterial-film or printing paper-which has been plotted in the bottom left-hand quadrant gives the densities of the positive material, and these in tu rn can be translated into the transparencies of the positive material. Then if these tran s parencies are projected, using a line in the upper left-hand corner to allow them to form intercepts with the projections of the original brightnesses, we obtain a curve which, if the tone reproduction were perfect, should be a straight line. The distor tion of the tone reproduction th a t has occurred in the process is shown by the departure of the curve from a straight line.
The developed photographic image must be considered not only in its reproduc tion of the tones of the original subject bu t in relation to its resolving power, sharpness and graininess, all of which are dependent upon the structure of the Figure 2 . D ia g ra m sh o w in g th e r e p ro d u c tio n o f to n e s b y th e p h o to g ra p h ic p ro cess. A , c h a r a c te ris tic c u rv e o f th e n e g a tiv e m a te r ia l;
B , c h a r D , c u rv e sh o w in g th e to n e r e p ro d u c tio n o b ta in e d ; c u rv e sh o w in g id e a l to n e re p ro d u c tio n .
T h e s tr a i g h t lin e C is a n a id to p ro je c tin g p o in ts fro m B o n to D.
developed image and therefore, in turn, upon the structure of the photographic material. The measurement of resolving power, of sharpness, of granularity, and of the subjective graininess of the image has been studied for many years, and though our knowledge of these subjects is increasing, there is still much work to be done.
In 1926 the motion-picture industry decided to record sound upon film and to print the sound record on the edge of the positive print, which by scanning with a photocell would give a reproduction of the sound. The accuracy of the reproduc tion and the distortion introduced by the photographic process a t different fre quencies involve a new application of photographic sensitometry and the theory of tone reproduction.
One of the most im portant fields of photographic work in the last 40 years has related to the sensitizing of photographic materials by means of dyes. The practical work in this field will be discussed shortly, but mention should be made of the study of the nature of the colour-sensitizing process. Only a limited number of dyes sensitize effectively, and the reason th a t one dye sensitizes and another does not is only now beginning to be understood. The m atter is connected w ith the structure of the dye and with the nature of its adsorption to silver halide. A great deal of work has been done on this subject, especially in recent years.
Let us tu rn from this work on the science of photography, which corresponds to about a quarter of the work of the laboratories, to the broad field of practical photography, which occupies nearly half the total energy of the laboratory staff. The biggest single division of the laboratory is th a t devoted to the making of photographic emulsions, both those used for film and those to be coated upon paper. Photographic emulsions are made by dissolving halides-prim arily bromide or chloride-in a weak solution of gelatin and then running a solution of silver nitrate into the m ixture until most of the halide is converted into the silver salt. In the case of paper emulsions, which are generally made of silver chloride,, the operation is usually complete after the silver nitrate has been added, and the quality of the printing paper depends upon the choice of the halides and of addition compounds and on the rate and tem perature a t which the precipitate is formed. In the case of film emulsions it is necessary to remove the greater p art of the soluble salts from the emulsion in order to prevent crystallization, which would spoil the surface of the coating. To do this sufficient gelatin is added to enable the emulsion to set as a jelly, and it is then cut into fine shreds and washed in cold w ater to extract the soluble salts.
The whole technique of emulsion making is a complicated art, in which practice is in advance of knowledge of the chemical and physical conditions which control the results. Whereas a great deal has been done to reduce this a rt to a science, nevertheless in a practical industrial laboratory the development of the a rt itself cannot be neglected, and a large p art of the work in the Kodak Research laboratories has been applied to the advancement of the art. As a result, the photographic emulsions both for film and paper have been steadily improved throughout the years. The high-speed emulsions particularly have been increased in sensitivity and decreased in their graininess and in their tendency to fog-th a t is, to develop black silver in the unexposed portions. The keeping property also of the films has been greatly improved. The emulsion laboratories work very closely with the manufacturing departments, and members of the staff of the laboratories are often transferred to the manufacturing departm ents.
Associated with the emulsion-making laboratories are those dealing with the manufacture of gelatin. Like emulsion making, gelatin making is an art rather than a science. The Eastman Kodak Company manufactures the gelatin that it uses, and the study of possible improvements in the manufacture of gelatin is carried out in association with the emulsion research laboratories.
The emulsion laboratories also deal with the preparation and application of optical sensitizing dyes. In 1916 it became necessary to manufacture dyes th a t had previously been purchased from Germany, these dyes belonging to the cyanine series and being derived from quinoline. This was accomplished in England by W. H. Mills a t Cambridge and in Rochester by H. T. Clarke then in the organic division of the research laboratory.
Work on new dyes was carried on after the war, bu t not much progress was made until the structure of these dyes had been elucidated by the work of Mills and his collaborators. Pinacyanol, for instance, which had been discovered by Homolka in 1904, was found to have the structure shown in figure 3, the dye being termed by Mills a carbocyanine and having three methine groups in the chain joining th nuclei. Cyanine dyes are known with chains containing 1, 3, 5, 7, 9 and 11 methine groups, and they can be formed from m any heterocyclic nuclei. After 1929 very rapid progress was made in the synthesis of new dyes by E. M. Hamer in our Harrow laboratory, L. G. S. Brooker a t Rochester, J. D. Kendall in the Ilford laboratory, and W. Konig and others in Germany. These new sensitizers were superior to the existing dyes both in their sensitizing power and in their freedom from detrim ental effects upon the emulsion. By means of them it was possible to prepare very much improved panchromatic materials, which made an almost revolutionary change in the a rt of photography, so th a t the period from 1925 to 1935 was one of rapid change in the development of photographic materials. All this work arose primarily from the discovery of the new sensitizing dyes.
/ \ I
c 2h 5i c ,h 5 The work of the emulsion research laboratory has been of great value in relation to the cinema. In motion-picture photography, the high-speed panchromatic negative film, on which all the motion pictures are taken, arose directly from the work of the laboratory on emulsions and on sensitizers. About 1925 the experts in motion-picture photography realized th a t by the use of panchromatic film it should be possible to use tungsten lamps in the studios and thus save a good deal of difficulty caused by the lamps then employed. This was definitely of importance when sound recording was introduced, though a t the present time arc lamps are used in studio work, having been improved and silenced to make their use possible.
The positive pictures projected in the theatre used to be printed directly from the original negatives. About 15 years ago, a method of making duplicates of these negatives was introduced, and a t the present time a great deal of the printing is from duplicate negatives, the original negative being retained in good condition for future use.
One of the most im portant introductions into photographic practice has been am ateur cinematography. Work on this was started in 1920. I t was decided th a t not only should a small camera and projector be made bu t th a t a reversal process should be employed so th a t the film used in the camera was itself transform ed into the positive for projection. The development of the first film to a negative and the printing of a positive were thus avoided. J . G. Capstaff invented an improved reversal process, to which later was added autom atic control of the second exposure by photocells, as a result of which machines were designed for continuous processing of the film and transforming it into a positive ready for projection.
By 1932 the development of the new sensitizers made possible the design of an especially fine-grained panchrom atic film, on which pictures could be taken only one-fourth the size of the 16 mm. pictures. These little images, having only onetwenty-fifth the area of a standard motion picture, give adequate resolving power for home use. In order to diminish the cost of the film and of its processing, two pictures are exposed side by side on 16 mm. w idth film and then slit and the 8 mm. wide films are joined end to end for projection.
The 16 mm. film originally designed for am ateur cinem atography has been applied to docum entary photography and used for the photographing of records. During the war, this film was applied to the air mail, and approxim ately 1,300,000,000 letters were transm itted to and from the British and American forces as images on rolls of film.
After the synthesis of the new and improved sensitizers, it became possible to realize a new system of photography in colour. In colour photography it is necessary to take three photographs-one by each of the three prim ary coloursred, green and blue-violet-and to print these photographs in register, using dyes of colours complementary to those by which the picture was taken, so th a t the picture taken by red light is printed in a cyan, th a t is, a blue-green dye, the one taken by green light is printed in magenta, and the one taken by blue light is printed in yellow. I t had been suggested th a t this result could be obtained by coating three emulsion layers superimposed on a film base and then converting each image into a dye image by including in the layer a coupler which would form a dye with the developer oxidation product formed by the reaction of the developer with the silver bromide.
The realization of such proposals depended upon the discovery primarily of sensitizing dyes which would not wander from the silver bromide to which they were attached, so th a t the coating of a second emulsion on the red-sensitive layer would not enable the red sensitizer to leave the silver bromide of th a t layer and vander into other layers. The sensitizing dyes known before 1930 wandered badly, and only when large numbers of dyes became available could those be selected which would stay satisfactorily in their own layers. W ork was started in our laboratories on the realization of this system of colour photography, with the result th a t in 1935 the first multilayer colour film was placed on the m arket under the name Kodachrome. From this has followed a very large and very rapid development of materials which make it possible for any photographer to take colour photo graphs with little more effort than th a t involved in the taking of black and white pictures.
Special photographic plates for use with X-rays had also been made by W ratten and W ainwright, and one of the first things th a t the laboratory a t Rochester did was to introduce similar plates on the American m arket. The introduction of double-coated X -ray film in 1917 transferred the interest of radiographers from plates to films, and during the first World W ar a very great use was made of radiography by the military medical authorities. Modern X -ray technique, in fact, dates from th a t period, and in the laboratory work has been done steadily throughout the whole of its history on the improvement of X-ray materials, both the photographic materials and the intensifying screens. During the second World War, the use of X-rays for medical purposes was, of course, very great, but, in addition, X-rays of high penetrating power were used for the inspection of m anu factured products such as parts of airplanes, shells and a m ultitude of other munitions.
From the beginning, the laboratory has carried out work on the design and computation of lenses. About 10 years ago, work was started on the basic theory of lens optics, and a number of scientific papers have been published in this field. In connexion with this work, it became obvious th a t a much greater advance could be obtained if new glasses could be found. A suggestion made to us by G. W. Morey was followed up and glass is made with heavy and comparatively rare elements, such as lanthanum , tungsten and thorium, with which a much higher refractive index for the same dispersion could be obtained than was available in the ordinary crown glasses. One of the most useful of these glasses has a refractive index of T745 and a v value of 46. They were made by a new technique, the melts being made in platinum crucibles in the laboratory by 1941, bu t the demand for the production of lenses for aerial photography so stimulated production th a t by 1943 the laboratory was making over 1000 lb. of the rare element glass a month. The work was then transferred to a new factory, which raised the production to several tons a month.
Work on optical glasses has been continued and a great number of new glasses have been discovered, but the commercial production of them will take several years. The work has shown very clearly, however, that the range of optical glasses is by no means limited to those which had previously been conceived.
In addition to the work on photographic theory and on practical photography, the Kodak laboratories have continually strayed into fields of research in applied chemistry. Their necessary interest in chemistry revealed fascinating bypaths, and owing to the lack of strict control and planning in the laboratory some of these bypaths have been pursued far beyond the point which any planned programme would have considered justifiable and have led to some rather remarkable develop ments.
In the department of organic chemistry, for instance, experiments were started a number of years ago on the treatment of cellulose with nitrogen peroxide. The original idea was that treatment with nitrogen peroxide might serve to facilitate the nitration of cellulose, a matter of considerable importance to our company, which makes its own nitrocellulose for film base. Actually, however, it was found that nitrogen peroxide does not nitrate cellulose to any appreciable extent. Instead, it oxidizes the material and produces a carboxyl group in the structure. This, of course, makes the cellulose soluble in weak alkali. Oxidized cellulose made in this way has some interest for our photographic applications, but by far its most important use is for surgical dressings, since the oxidized cellulose is soluble in blood plasma and can therefore be left in a wound or used for dressings for burns, from which it can be detached without difficulty after the wound begins to heal. The production of oxidized cellulose for those applications has now been under taken on a commercial scale.
In 1918 we were greatly troubled by our inability to get synthetic organic chemicals for laboratory use, most of the chemicals used in America having been previously obtained from Germany. After discussing the matter with a number of chemical firms, we decided that it would be a useful service for the research laboratory to manufacture synthetic organic chemicals in small quantities and to sell them. This operation has been very successful. The original laboratories have grown into a large department, and the whole undertaking is now on a profitable commercial basis. Incidentally, the possession of an active department of synthetic chemistry capable of manufacturing quantities of chemicals has been of the greatest value in recent years. The department makes all the unusual chemicals required both for photographic manufacturing and, particularly, for colour photography. The special developers and dye couplers as well as dyes themselves are synthesized, and many tons of these complex chemicals are made each year. The original conception was right. It was a desirable service to make available the synthetic chemicals that the research men needed, but the unexpected profit from the undertaking in the availability of chemicals for our own use has proved most gratifying.
The production of synthetic organic chemicals is by no means the only way in which the Kodak Research Laboratories have been able to repay some of the debt that industry owes to the scientific investigators. As soon as the emulsion research laboratory was organized, it undertook to prepare a series of special plates for use in spectroscopy and astronomy, and these Eastman Spectroscopic Plates, as they are called, have been of the greatest value in astronomical photography. More recently, a series of special plates has been made for recording the tracks of nuclear particles. Some years ago the concentration of the rare stable isotopes of nitrogen and carbon, N15 and C13, was undertaken, and chemicals containing high concen trations of these isotopes are now being supplied for use as tracers.
One application of the chemical work of the laboratories has resulted in the development of a very considerable industry. This was in the production of cellulose acetate, on which the laboratories started active work in 1926 and in co-operation with the factory made great improvements in the process. In 1932 the company decided to transfer its m anufacture of cellulose acetate to the Tennessee Eastm an Corporation, an associated company which had been organized in 1920 a t Kingsport, Tennessee, its original work being the distillation of wood for the preparation of organic solvents. The Tennessee Eastm an Corporation since 1932 has developed a major industry in cellulose acetate yarn and plastics, in acids and solvents, in the manufacture of hydroquinone and chemicals derived from it and of acetate dyes. In order to assist in this im portant development, the Tennessee Eastm an Corporation since 1933 has maintained a special section in the laboratory a t Rochester from which have come m any of the developments now in production in Tennessee. The head of th a t departm ent has now transferred to Kingsport as director of research for the Tennessee Eastm an Corporation.
One most unexpected development from the research laboratories arose from an attempt to dry film after packing by the use of a high vacuum. K. C. D. Hickman, who undertook this work, became interested in the efficiency of the vacuum pumps and of the gauges that he was using, and he finally drifted off into the study of distillation in high vacua, in which work he was unknowingly duplicating that done by Burch at the Metro-Vickers Laboratory. From this has come an entirely new industry, in which vegetable and animal oils and, particularly, fish oils con taining vitamin A and vegetable oils containing vitamin E, are stripped of their vitamins by very large centrifugal stills in a high vacuum. This work, which started a little more than 10 years ago in the laboratories, is now operated by a flourishing company in Rochester, known as Distillation Products, Inc. The company also manufactures a considerable range of apparatus for work in high vacuum.
Our latest deviation from the fields of photography-one undertaken entirely in the hope that ' something may turn up ' and without any definite plan of work, like the work on synthetic chemicals or on high vacua, is a study of the properties of phosphors. Phosphors behave in a manner parallel in many respects to the silver halides. They are of interest in connexion with the properties of solids, and we have recently started a long-term study of these materials.
The research work of the Eastman Kodak Company has never been confined to the central laboratories at Rochester. The expenditure, in fact, on the central laboratories is only about a quarter of the total expenditure on research, experiment and development throughout the companies. Before the research laboratory was established, the works laboratories were engaged in a good deal of experimental work, and this has continued. Each department of the works has facilities not only for the control of its product, but for the development of new products and even for a certain amount of scientific research.
The same policy of decentralization applies to the research done by the Kodak companies throughout the world. The Harrow Works, for instance, maintains a large research laboratory, in which the work parallels and competes with that of the Rochester laboratory. The same statement for a somewhat smaller scale applies to the French laboratory at Vincennes. Scientific papers from both these labora tories are published in the same way as those from Rochester and are incorporated in our to.tal of published communications. A laboratory at Melbourne, Australia, is also active. Among the various minor laboratories, a tropical research station in Panama is worthy of mention.
Since the purpose of the laboratory from the beginning was the production of scientific knowledge, the policies of the laboratory have always been directed toward that end. No attempt is made to anticipate scientific discoveries that may be made or to regulate or organize the direction which the work may take. When the scientist selects a field of work, he is left free to exploit it as he sees fit, in consulta tion primarily with the immediate head of his department, much as a graduate student works in collaboration with a professor; but, since our scientists are skilled in research, with much less direction than is usual in the case of research students. There are many conferences, but they are scientific conferences for the exchange of ideas and are not primarily for the direction of the work. Finally, the results of the work are published as communications in the scientific journals to which they are appropriate. We do not publish a special journal. In the beginning it was decided that the issue of special journals by industrial laboratories would inflict an in tolerable burden upon bibliographers. Chemical papers are published in the journals of the chemical societies, optical papers in the physical or optical journals. For the photographic papers, we have, especially in the United States, been dependent upon the services of certain journals that have been hospitable to us, notably the Journal of the Franklin Institute. To prevent this distribution of papers from producing a dispersion which could not be controlled, we publish annually a volume containing abridgements, of about half their length, of all our scientific publications, and these abridgements, which now include well over a thousand communications, form a convenient reference system.
In addition to the scientific communications, the laboratories publish abstract journals dealing with the whole current photographic literature and have been responsible for a number of books.
The policies pursued in the conduct of our research, vague as they must seem to those who believe in systematic planning and in organization, have been enor mously profitable. Over the years the cost of the central laboratory has been less than 4 % of the net profits of the company after taxes. Many major developments have been evolved with but a trifling cost for research, though naturally the later cost for development and commercial exploitation has been very considerable. The result of a lifetime spent on industrial research has convinced me th a t the research cost is of no great importance. The commercial success of research and development depends upon the choice of the researches to be developed com mercially, and this choice is enormously more im portant than any limitation of the research work itself. Development to the commercial stage costs at least ten times as much as the scientific work in the laboratory, and it is particularly important th a t directors of research laboratories should not be so biased by their own interest in the results th a t they select the subjects for commercial exploitation without sufficient attention to the commercial factors involved. Nor can they escape this responsibility by leaving it to the commercial direction of the company, since in the case of new products it is almost impossible for anybody except the research men to foresee the available markets. The research departm ent must, therefore, be fully and intim ately allied with the commercial side of the business, and if the director is to be successful he m ust be fully acquainted with the whole enterprise section of the management. This is why small companies can do research so profitably. In small companies the research director can be an active part of the management to a far greater extent than is possible in a big organization. As examples of the actual cost of some of our work, the research th a t produced the system of am ateur cinematography on 16 mm. film now used throughout the world on a vast scale cost about £50,000 over a term of approximately 12 years. Our research on colour photography, though it has been far more expensive than th at on am ateur cinematography, has cost less than 5 % of the sale of colour materials up to date. The total cost of the research th a t led to the organization of Distillation Products, Inc., was much less than the present annual budget for research and development of th a t company.
In addition to the new materials and new methods th a t the laboratory has produced, it has been our constant practice to train men for the operating staff of the company. Members of the laboratory staff leave it each year to go to other departm ents of the company. Many of the technical leaders of the company to-day in factories, in sales, and in general management have had some training in the research laboratory and often were originally employed on the staff of the labora tory and transferred when it was realized th a t their interests were practical and administrative rather than scientific. This is not an easy thing to do. The men who are transferred are not those who are ineffective in research. No one whose heart is in science is asked to become an administrator, but the men who are transferred are in m any cases the most capable and energetic and valuable men on the labora to ry staff. To put these men elsewhere involves a considerable amount of resolution and even sacrifice, but the operation has been incomparably successful. The 'graduates' of the laboratory are not only its best friends in the company; they are also the most capable managers th a t the company can obtain. Mr Eastman's vision was correct. The research laboratory, which he founded, has had much influence on the prosperity of his company and, what is more, it has been able to advance the science and art of photography to the benefit of mankind. T h e still o p e ra te s in a v a c u u m o f a few m ic ro n s. T h e c o n d e n s a tio n p u m p s c a n b e se e n a t th e sid e . R ight. E x p e r im e n ta l m a c h in e fo r c o a tin g p h o to g ra p h ic p a p e r. C r o o n i a n L e c t u r e
The formal genetics of man B y J . B. S. H a l d a n e , F.R.S. M an has obvious disadvantages as an object of genetical stu d y . The advantages are th a t very large populations are available, an d th a t m any serological differences an d congenital abnorm alities have been intensively investigated.
Some characters are found to obey M endel's laws w ith g reat ex actitude. I n others th e deviations are such as to suggest th e existence of a considerable selective m o rtality , perhaps p ren atal. I n y e t other cases th e observations are biased because we only know th a t we are investigating th e progeny of tw o heterozygotes w hen th e fam ily includes a t least one reces sive. S tatistical m ethods w hich elim inate th is bias are described.
Still m ore com plex m ethods are needed for th e detection an d estim atio n of linkage. Several such cases have been detected w ith g reater or less certainty , a n d th e frequency of recom bina tio n betw een th e loci of th e genes for colour-blindness an d haem ophilia is now estim ated a t 10 ± 4 %. I f th e theory of p artial sex-linkage be accepted, it is possible to m ake a provisional m ap of a segm ent of th e hu m an sex chromosome.
W hen a gene is sublethal, as are those for-haem ophilia an d achondroplasic dwarfism, its elim ination by n a tu ra l selection is in approxim ate equilibrium w ith its appearance b y m u ta tion, an d th e frequency of th e la tte r process can be estim ated. T he m u ta tio n rates a t five h u m an gene loci lie betw een 4 x 10-5 an d 4 x 10~6 per locus per generation. These are th e only estim ates available for v ertebrates. T he rates per generation are ra th e r higher th a n those in Drosophila, b u t those per day are so sm all th a t m uch, or even all, h u m an m u ta tio n m ay be due to n a tu ra l radiations an d particles of high energy.
